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In order to investigate the effects of the elastic deformation of the vane-slot on the lubrication characteristics of 
the vane sliding surface in a rotary compressor, a mixed lubrication analysis considering the elastic deformation has 
been performed for the vane sliding surface. In this analysis, the modified Reynolds equation and the elastic contact 
equation, within which the influence of surface roughness is considered, are solved as a coupled problem. The 
elastic deformation of the vane-slot is calculated by using an FEM model with two dimensional iso-parametric 
elements. By comparing the analysis results with that of a rigid-body model, the effects of the elastic deformation of 
the vane-slot on the lubrication characteristics were made clear. As a result, it is found that the elastic deformation 




In the compression mechanism of a rotary compressor for air conditioners, a vane is provided to separate the 
suction chamber and the compression chamber. The vane which undergoes reciprocating motion is driven by the 
eccentric rotation of the rolling piston. Severe load and moment generated by the pressure difference between the 
suction chamber and the compression chamber act on the vane and the vane-slot. When the friction loss and the 
surface damage of the vane increase, the performance and the reliability of the rotary compressors will decrease. 
Therefore, the optimum design by which a good lubricating condition on the sliding surface of the vane can be 
realized is required. In a previous study(1), in order to realize the optimum design of the vane, a numerical analysis 
approach for mixed lubrication has been developed. In the analysis, the vane-slot was assumed as a rigid body. 
However, solid contact may occur at the surface end of vane-slot, and the elastic deformation of the surface end may 
become large.  So, it is considered that the elastic deformation of vane-slot may influence the lubrication 
characteristics of vane sliding surface. In order to investigate the effects of the elastic deformation on the lubrication 
characteristics, a mixed lubrication analysis considering the elastic deformation has been performed for the vane 
sliding surface. The modified Reynolds equation and the elastic contact equation, within which the influence of 
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surface roughness is considered, are solved as a coupled problem. The elastic deformation of the vane-slot is 
calculated by using an FEM model with two dimensional iso-parametric elements. The occurrence of solid contact 
in the hydrodynamic lubrication film can be predicted by the analysis technology. Based on the predicted conditions 
of solid contact, the damage of the surface and lubrication characteristics are evaluated. In this paper, at first, the 
governing equations and the procedures of analysis are described. Next, the analysis results of the elastic 
deformation model and the rigid body model are shown. Finally, by comparing the analysis results, the effects of the 
elastic deformation on the lubrication characteristics were made clear. 
 
2. GOVERNING EQUATIONS 
Figure 1 shows a brief drawing of the compression mechanism in a rotary compressor. The rolling piston which 
is driven by the crank rotates eccentrically. Due to this eccentric rotation, the volume of the compression chamber 
decreases, and the pressure of refrigerant becomes high. The vane separates the suction chamber and the 
compression chamber. Figure 2 shows the coordinate system of vane.  
 
2.1 Equations of Motion of Vane 
As shown in Fig.1, the vane is subjected to the load due to the differences of pressures, the spring force, the 
friction forces between vane and vane-slot and the friction force between vane and rolling piston. The equation of 
motion of the vane and the equations of equilibrium of forces and moments are (2, 3), 
svtvnttvxvv FFFFFFxm sincos21      (1) 
dxpwdxpwFFFFF ccvnvtccvy 2121 sincos0    (2) 
dxxpwdxxpwMMMMMM ccvccttvt 2121210    (3) 
where mv is the mass of vane, xv is the displacement of vane along x direction, is the angle extended by piston 
and vane contact point, wc is the width of cylinder, p1 and p2 are the oil film pressures between vane and vane-slot 
corresponding to the discharge side and the suction side, Fvx, Fvy and Mv are the forces and moment acting on vane 
due to the refrigerant pressure difference, Ft1, Ft2, Mt1 and Mt2 are the friction forces and the corresponding moments 
between vane and vane-slot, Fc1, Fc2, Mc1 and Mc2 are the contact forces and the corresponding moments between 
vane and vane-slot, Fvn is the normal force acting on vane at piston contact, Fvt and Mvt are the friction force and the 
corresponding moment acting on vane at piston contact, Fs is the spring force. 
 
2.2 Reaction Forces of Oil Film between Vane and Vane Slot 
The vane sliding surface is treated as a surface having infinite width along the perpendicular of the plane of 
Fig.2. The reaction forces of oil film on discharge side and suction side between the vane and vane-slot are 














where h  is the average oil film thickness, hT is the local oil film thickness,  is the oil viscosity, U is the sliding 
velocity of vane,  is the standard deviations of composite roughness, X  is the pressure flow factor, S  is the shear 
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The oil film thickness on discharge side and suction side between the vane and vane-slot are,  
kxhch g 01
kxhh 02
where, 1h  and 2h are the average oil film thicknesses on discharge side and suction side, gc  is the clearance 
between vane and vane slot, 0h  is the average oil film thickness at the lower end of vane slot (x=0 location in Fig. 2) 
on suction side, k  is the inclination of vane.  In 2h , the elastic deformation of the vane-slot  is considered. 
 
2.3 Contact Forces between Vane and Vane slot 
For calculating the contact forces between the vane and the vane slot, the Patir and Cheng’s approximate 










where, cp  is the contact pressure between the vane and vane slot, ck  is a constant in force-compliance relationship, 
E  is the equivalent elastic modulus.
2.4 Elastic Deformation of Vane-slot on Suction side 
In this analysis, the elastic deformation of vane-slot on suction side is calculated by using FEM. As shown in Fig. 
3, mesh division of cylinder on suction side is carried out. The elastic deformation of node on the vane-slot due to 
the oil film force and the contact force is calculated. The elastic deformation of vane-slot  is expressed as follows. 
yu
where, xu , yu  are the coordinates of elastically deformed surface of vane-slot. The displacement vector u
containing xu  and yu  is expressed as follows. 
fCu
where, ][C  is the Influence coefficient matrix, f  is the external load vector acting on nodes which is calculated 
from the pressure distribution on the vane-slot. ][C  is the inverse matrix of the rigid matrix ][K  of the FEM 
model(7).  
 
3. ANALYSIS PROCEDURE AND CONDITIONS 
3.1 Analysis Procedure 
Eqs. (1)-(3), (4), (8) and Eq. (10) are solved as a coupled problem, and the oil film force of vane sliding surface, 
contact force between the vane and vane-slot, and elastic deformation of vane-slot are calculated. Moreover, the 
variations of the forces and the moments acting on vane are considered. Consequently, the coupled problem 
becomes time variant, and is solved recursively along the time axis. 
 
3.2 Analysis conditions 
The analysis conditions are shown in Table 1. The radius of cylinder is 31.5mm. The outer radius of rolling 
piston is 26.2mm. The eccentricity of crank is 5.3mm. The suction pressure is 1.27MPa. The discharge pressure is 
4.25MPa. The rotor rotating frequency is 60Hz. The oil viscosity is 2.83×10-3 Pa s. The material of cylinder is cast-
iron. Its material constants are used for the calculation of [C]. In this analysis, the modulus of longitudinal elasticity 
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is 120GPa, and Poisson’s ratio is 0.27. Figure 4 shows the relationship between the crank angle and the pressure of 
compression chamber, which was used as the analysis condition. It contains the effects of over compression. 
 
4. RESULTS AND DISCUSSION 
 
4.1 Effects of Elastic Deformation 
Figure 5 shows the analysis results of the elastic deformation model and the rigid body model. The horizontal 
axis is the crank angle . Figure 5 (a) shows the variation of the inclination of vane k  with respect to the crank 
angle through one revolution of the crank is shown. It can be seen that k  is always larger than 0°. That is, the vane 
always inclines in the clockwise direction as shown in Fig.2. Consequently, the solid contact between the vane and 
vane slot occurs at the lower end (x=0 location in Fig. 2) on suction side and at upper end (x= vl  location in Fig. 2) 
on discharge side. It can be seen that, in the neighborhood of =210° which is the crank angle that k approximately 
reaches a maximum value, k  of the elastic deformation model is larger than that of the rigid body model. This is 
due to the reason that, the elastic deformation of vane-slot increases at the lower end where the solid contact occurs. 
Figure 5 (b) shows the variation of the average oil film thickness at the lower end of vane slot on suction side in the 
form of oil film parameter 0  ( /0h ) through one revolution of the crank. Because the inclination k  is always 
larger than 0° as shown in Fig. 5(a), it can be seen from the geometry of vane (Fig. 2) that 0h  becomes the 
minimum oil film thickness on suction side between the vane and vane slot. It can be seen that 0  increases 
between =0° to =180°. This is due to the reason that, the oil film pressures on suction side is raised by the wedge 
film effect. Because the wedge film effect disappears when the motion of vane turns over,  0  decreases drastically 
from =180°. It can be seen that, in the neighborhood of =210° which is the crank angle that 0 approximately 
reaches a minimum value, 0  of the elastic deformation model is larger than that of the rigid body model. This is 
due to the reason that, by considering the effect of elastic deformation, the clearance between the vane and the vane-
slot increases at the lower end. The minimum oil film parameter of the elastic deformation model is about twice of 
that of the rigid body model. Figure 5 (c) shows the variation of reaction forces of oil film per unit width of cylinder
cw  on suction side between vane and vane slot through one revolution of the crank. Figure 5 (d) shows the variation 
of contact forces per unit width of cylinder cw   on suction side between vane and vane slot through one revolution. 
It can be seen that the lubrication on suction side between the vane and vane slot is in a hydrodynamic lubrication 
zone from =0° to =180°. From =180°, the reaction forces of oil film on suction side decreases drastically, and 
thus the contact forces occurs. It can be seen that for the rigid body model, the reaction forces of oil film decrease 
drastically from =180°, and for the elastic deformation model, the reaction forces of oil film decrease from =210°. 
Therefore, the contact force of the elastic deformation model is smaller than that of the rigid body model during 
180° to 210°.  This difference is caused by the wedge film effect and squeeze effect due to the elastic deformation of 
the vane-slot at the lower end. Figure 5 (e) shows the variation of reaction forces of oil film per unit width of 
cylinder cw  on discharge side between vane and vane-slot through one revolution of the crank. Figure 5 (f) shows 
the variation of contact forces per unit width of cylinder cw  on discharge side between vane and vane-slot through 
one revolution of the crank. There is almost no difference between two models. The influences of the elastic 
deformation are not obvious.  
By considering the elastic deformation, the maximum value of k and the minimum value of 0 increase. And 
just before the starting moment of discharge, the film formation ability of the vane sliding surface increase and 
contact forces decrease. The influence of elastic deformation becomes remarkable when the solid contact occurs. 
Therefore, the mixed lubrication analysis considering elastic deformation is required in order to investigate the 
lubrication characteristic of the vane sliding surface more exactly.  
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4.2 Elastic Deformation and Pressure Distribution of Vane Sliding Surface 
Figure 6 shows the elastic deformation of the vane-slot on suction side. Figure 7 shows the distributions of oil 
film pressure and contact pressure at =210°. The horizontal axis is the dimensionless distance X (= x/lv) along x 
direction. And, the compression pressure reaches the maximum at =210°. Figure 6 (a) shows the elastic 
deformation at =0° 30° 60° 90° 120° and 150°.  Figure 6 (b) shows the elastic deformation at =180°
210° 240° 270° 300° and 330°.  It is found that the elastic deformation increases during the period (from 
=210° to =330°) of the solid contact and at =180° where the reaction force of oil film is large. At =210°
240° 270°, the maximum value of the elastic deformation is about 8 times of that of =0° 120°. Figure 7 (a) 
shows the distributions of oil film pressure and contact pressure of the elastic deformation model. Figure 7 (b) shows 
the distributions of oil film pressure and contact pressure of the rigid body model.  It can be seen that the oil film at 
the lower end (from X=0 to X=0.2) is not formed in the rigid body model and the load exerted on vane sliding 
surface is supported by the contact force. Moreover, it is found that, in the elastic deformation model, oil film 
possessing load carrying capacity exists at the lower end and the oil film pressure is large. As a result, the maximum 
contact pressure of the elastic deformation model is about 60% of that of the rigid body model. 
From the results of Fig. 6 and Fig. 7, it can be seen that the clearance at the lower end increases due to the elastic 
deformation. And by this effect, the film formation ability of the vane sliding surface increases.   
 
5. CONCLUSION 
The mixed lubrication analysis considering the elastic deformation has been performed in order to investigate the 
effects of elastic deformation of vane-slot on the lubrication characteristics of vane sliding surface in a rotary 
compressor. As a result, the following conclusions have been obtained. 
1. Due to the effects of elastic deformation, the film formation ability of the vane sliding surface increases just 
before the starting moment of discharge and the contact forces decrease.  
2. In the discharge process, as the load carrying capacity of oil film is small and the solid contact is dominant, the 
elastic deformation of the vane-slot increases. 
3. From the results of this study, in order to realize the friction loss reduction and high reliability of the rotary 
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Table 1 Analysis conditions 
Radius of cylinder  [mm] 31.5 
Outer radius of piston  [mm] 26.2 
Eccentricity of crank,   [mm] 5.3 
Dimensionless clearance 
    between vane and vane slot, 
                           Cv (= cv / d) [10-3 ] 
 
3.96 
Dimensionless length of vane slot,        
                            Lv (= lv / d) 
 
3.4 
Rotor Rotating Frequency, N  [Hz] 60 
Discharge pressure, Pdis  [MPa] 4.25 
Suction pressure, Psuc  [MPa] 1.27 
Oil viscosity,   [10-3 Pa s] 2.8 
Poisson’s ratio of cylinder  0.3 
Young’s modulus of cylinder [GPa] 120 
 
 
Figure1. Brief drawing of compression 






Figure3. FEM model of vane-slot on suction side 
 
 
Figure2. Coordinate system of vane 
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Figure5. Comparison of Elastic deformation model and Rigid-body model 
(a) Inclination of vane (b) Minimum oil film thickness on suction side 
(c) Oil film force on suction side (d) Contact force on suction side 
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Figure6. Elastic deformation of vane sliding surface on suction side (Elastic deformation model) 
(b)  Crank angle: =180  330  
Figure7. Pressure distribution of vane sliding surface on suction side    (Crank angle: = 210 ) 
(a) Elastic deformation model (b) Rigid-body model 
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